Introduction
Brain stroke and spinal cord injuries (SCI) are the leading reasons for long termdisability. More precisely, these pathologies are characterized by motor, sensory and autonomic dysfunctions [1, 2] . Due to the fact that restoration of behavioural functions for patient is the main goal, efficient identification of behavioural changes is a prerequisite for translational applications [3] . Behavioural assessment on rodents is essential to explore the extent of functional deficits and the beneficial effects of treatments after such traumas.
Currently, a wide range of behavioural tests has already been approved to quantify the motor and sensory residual functions after spinal cord injuries [4, 5] or brain stroke [3, 6] .
Whatever the type of behavioural assessment (sensorimotor or locomotor tests), it was considered that a functional test should preferentially avoid familiarization procedure, fatigue accumulation, complex tasks, stress, food deprivation and motivation dependence [7] .
The dynamic weight-bearing test (DWB), assessing the distribution of the pressure exerted by each paw, is exempt from the above-cited drawbacks. Indeed, contrary to the preceding static weight-bearing test (SWB) carried out on restrained rats that only analysed the hindpaws pressure, the DWB test is performed on free moving rats (hence the term "dynamic"). Thus, each paw pressure can be analysed during static position periods, while avoiding stress accumulation. Moreover, the computer-assisted DWB test produces objective data allowing reproducibility which is also recommended for a behavioural test [8] .
Consequently, the DWB test seems appropriate to reveal impairments induced by CNS injuries and to determine difference between the affected limbs. However, no information indicated that the DWB test could be used to detect behavioural alterations after CNS traumas.
The present study is designed to evaluate the relevance of weight-bearing distribution measurement in freely moving rats after CNS trauma (SCI and stroke). Because there are specific time periods for detecting impairments in each CNS trauma, we have chosen different recording time period depending on the lesion type. Stroke induces major physiological modifications during the 1 st week post-ischemia [9, 10] . By contrast, a longer time period of at least 6 weeks was required for thoracic spinal cord hemisection (TH) [11] . No clinical sign of pain or unpleasant sensation (i.e. screech, prostration, hyperactivity, anorexia) and no paw-eating behaviour were observed through the study.
Materials and methods

Animals.
At the end of the experiments, animals were sacrificed by an intraperitoneal overdose (3 ml) of sodium pentobarbital solution (Nembutal ® , Sanofi Santé Animale, Libourne, France -0.6 g.kg -1 ).
Surgical protocols.
Middle Cerebral Artery Occlusion-Reperfusion.
In order to optimize reproducibility of the cerebral lesion severity, it is noteworthy to precise that the MCAO-r was performed on rat weighting exclusively between 250 g and 270 g. Animals weighting more than 270 g were excluded from the study. Central temperature was maintained at about 37-38°C with a homeothermic blanket (Harvard Homeothermic Blanket Control Unit, K01345CE) driven by a rectal thermal probe.
Anaesthesia was induced with 5% isoflurane and maintained with 2.5-2 % isoflurane through a facemask, supplemented with oxygen. A 0. blocked at the MCA origin. After 120 min of occlusion, the monofilament was carefully removed and the ICA was permanently closed by electrocoagulation to prevent bleeding [12, 13] . Finally, the skin was sutured and animals returned in individual cages.
Thoracic spinal hemisection.
Rats were anaesthetized with choral hydrate intraperitoneal injection (0.5 g.kg -1 , Sigma, St. Louis, MO, USA). The animal's back was shaved and aseptically prepared with a povidone-iodine scrub swab stick (Professional Disposables, Orangeburg, NY). Central temperature was maintained constant at 37-38°C with a homeothermic blanket (Harvard Apparatus ® , Holliston, USA) driven by a rectal thermal probe. With the aid of a dissecting microscope, a midline incision was made over the C 6 -T 13 spinous processes. Dorsal muscles were cut and maintained on the side using retractors. While firmly maintaining the spinal column by spinous processes, a laminectomy at the T 9 -T 10 vertebral levels was performed using a Friedman-Pearson Rongeur (0.7 mm Cup Curved, FST, Heidelberg, Germany).
Following dura incision, the exposed dorsal surface of the spinal cord was rinsed with cold saline to favour vasoconstriction. Finally, a left spinal cord hemi-transection was realized by the use of a sharp blade. Close examination of the cut edges of the cord confirmed that the surface of the tissue was free of meninges or blood clots. The lesion site was covered with a film of bioabsorbable artificial dural substitute (Seamdura ® , Gunze Ltd., Codman, Johnson and Johnson Company) to isolate spinal cord from the overlying muscles. Muscles and skin were separately sutured (Vicryl ® 3-0, Ethicon France). Rats were rehydrated with a bolus of saline (3 ml, subcutaneous) to replace fluid lost during the surgical procedure and received a subcutaneous injection of an antalgic (semi-synthetic opioid, buprenorphine, 0.05 mg kg -1 ).
Then, they were kept in individual cages under heat lamps for 12-24 h. Housed in a nonenriched environment, the rats were daily observed during the next 8 weeks. Manual bladder expression was performed at least twice daily until bladder reflex was re-established.
Dynamic weight-bearing distribution assessment
The weight-bearing distribution was assessed by a biometric floor instrumented cage In other words, if the affected paw was not used in static position, the time spent on 3 paws should be longer. The time spent on 2 paws referring to the explorative period was discarded for analysis. Given that the software just kept static position of the rat, the recording period could vary between animals. Consequently, the time periods spent on 3 paws and on 4 paws were normalized by the total time spent in static position for each recording.
A neurological examination was performed after MCAO-r to ensure that the ischemia induced reliable sensorimotor impairments. A neurologic grading system with a five-point scale (0-4) was used: 0 = no apparent deficits; 1 = left forepaw flexion; 2 = decreased grip of the left forepaw while tail pulled; 3 = spontaneous movement in all directions; left circling only if pulled by the tail; 4 = spontaneous left circling [14] .
2.6. Basso, Beattie, and Bresnahan Scale Locomotor Assessment (BBB score) after T 10 hemisection.
The BBB score was used to ensure that the thoracic spinal cord injury induced significant locomotor deficits [15] . The BBB score assesses hindlimbs functions on a scale from 0 (complete hindlimb paralysis) to 21 (normal locomotion). Each point represents a specific set of characteristics displayed by the animals during free-moving locomotion. The test was performed in an open field once a week for 8 weeks. This test takes into account the motion degree of particular joints of the hindlimbs, the trunk stability during movement and the placement of each paw of the hindlimbs.
Statistical analysis
Data processing was performed using a software program (SigmaStat ® 2.03, Statistical software, San Jose, CA, USA). Data were expressed as mean±SEM.
The pressures exerted by each paw in percent of the total weight of the rat were averaged and compared in pre-surgical and post-surgical sessions. In order to determine differences between groups over time, a two-way repeated measures ANOVA (group x time) was calculated. Post-hoc multiple group comparisons were performed with a StudentNewman-Keuls Method.
Results were considered significant if the p-value fell below 0.05.
Results
Cerebral ischemia.
The rat weight decreased between 11% and 20% after MCAO-r throughout protocol duration while the weight of SHAM rats was similar to the one of Control rats.
Neurological examination after MCAO-r.
No significant difference was observed between Control and SHAM groups. The neurological score of the MCAO group was significantly increase compared to both Control and SHAM groups from the 1 st to the 7 th day (p<0.001; score = 4 at day 1 and day 2. Then, the score = 3 from day 3 to day 7) ( Table 1) .
The dynamic weight-bearing test after MCAO-r.
Pressure exerted by each paw and pressure ratios. No significant difference was observed in the pressure (in grams) exerted by each paw and in the pressure ratios within and between groups (data not shown).
Time spent on 4 paws. Given that results of time spent on 3 paws followed the exact opposite behavioural pattern compared to results of time spent on 4 paws, only data of the latter were presented.
No difference was observed in the Control and the SHAM groups. Likewise, no difference was also found between these 2 groups. The pre-surgical time spent on 4 paws was similar between all groups. The time spent on 4 paws (normalized by total time) was significantly shorter in the MCAO group than in the Control (p<0.001) and in the SHAM lower than the ones of the SHAM group. The time spent on 4 paws at the 5 th day in the SHAM group was higher than in the Control group (p<0.05) (Figure 2 ).
Spinal cord injury.
The BBB score after T 10 hemisection.
One week after the lesion, the BBB score in the TH group (2.43±0.95) was significantly lower (p<0.001) than the one of the Control and SHAM groups (21.00±0.00 for both). The BBB score in the TH group stayed significantly lower (p<0.001) than the 2 other groups through the protocol (Figure 3) .
The dynamic weight-bearing test after T 10 hemisection.
Pressure exerted by each paw. No difference was observed in the Control and the SHAM groups. Likewise, no difference was also found between these 2 groups. Moreover, pre-surgical data of all the characteristics were similar between the 3 groups.
The pressures exerted by the LF of the TH group were significantly higher than the ones of the Control (p<0.01) and the SHAM (p<0.05) groups. The pressures exerted by the RF of the TH group were significantly higher than the ones of the Control (p<0.001) and the Difference in the pressure exerted by the RH was neither observed within the TH group nor between the TH group and the other groups (Figure 4) .
Pressure ratios.
No difference was observed in the Control and the SHAM groups.
Likewise, no difference was also found between these 2 groups. Pre-surgical ratios were similar between the 3 studied groups.
The F/H ratios of the TH group were significantly superior (p<0.001) to the ones of The LH/RH ratio of the TH group at the 1 st week post-surgery (0.50±0.13) was significantly lower (p<0.01) than its pre-surgical value (1.10±0.06). The LH/RH ratios of the TH group at both the 1 st and the 2 nd weeks post-surgery (0.74±0.12) were lower than the ones of the SHAM group (p<0.001 and p<0.05, respectively) while only the 1 st week post-surgery was lower than the one of the Control group (p<0.001). However, no difference was observed in the TH group for the LF/RF ratios. No difference for the LF/RF ratios in the TH group was also found compared to the other groups ( Figure 5 ).
Time spent on 4 paws. No difference in the time spent on 4 paws was observed within
the Control, the SHAM and the TH groups. However, while no difference was found between the Control and the SHAM groups, the time spent on all fours in the TH group was significantly longer (p<0.05) than in the Control group (Figure 6 ).
Discussion
To the best of our knowledge, no previous study used the weight-bearing distribution in static position following CNS traumas as a tool to assess functional sensorimotor deficits and spontaneous recovery. The relevance of weight-bearing distribution is evaluated in the present study following stroke and spinal cord injury. The times spent on 3 paws and on 4 paws were also taken into account in order to analyse the preferred stance pattern.
An advanced in the weight-bearing distribution measurement.
The SWB system solely assesses hindpaws pressure of a restricted rat in an upright position, which differs from their natural posture [16] . Moreover, due to the fact that the forepaws are placed on a Plexiglas  support, their influence on the pressure exerted by the hindpaws could not be appreciated. Yet, we just found that the role of forelimbs in postural adaptation following spinal cord injury could not be neglected. In accordance to a previous study [17] , the DWB seems more suitable than SWB to distinguish behavioural impairments after CNS traumas.
Altered weight-bearing distribution following MCAO-r and TH hemisection.
Our results indicated that MCAO-r and spinal cord injury induced different and specific postural adaptation. Severe sensorimotor impairments after MCAO-r and spinal cord injuries were respectively confirmed by the neurological score and the BBB score throughout the protocol. Indeed, the neurological score clearly indicated that rats were spontaneously left circling after MCAO-r. Furthermore, the low BBB score revealed strong locomotor deficits for the left hindlimb.
MCAO-r.
The rat weight decreased after MCAO-r as previously described [18] . Some authors showed that transection of the ECA may be associated with tissue damage of the muscles of mastication affecting the capacity of eating, inducing weight loss [19] . However, other factors contribute to the observed weight loss because this phenomenon was also observed in MCAO rats without ECA damage [19] . Moreover, our observation is in accordance to previous studies indicating a minimal postoperative weight loss in SHAM group with the ECA transection. It was then postulated that the extensive corticostriatal damage was the most likely explanation of the weight loss following MCAO-r [20] .
The weight loss is a general physiological state after cerebral infarction and was not just observed on the contralateral side to the lesion in our study. The weight changes seemed not to affect the body-weight distribution during static position on the four limbs. In addition, the weight of the Sham and Control animals increased during the protocol although the distribution of the body-weight was not changed during 8 weeks. Further studies need to explore the effect of the weight loss on the different weight distribution pattern (on two or three limbs).
The increase of the time spent on 3 paws after MCAO-r could be associated with a reduction of the left forepaw solicitation to maintain a static position. In other words, we observed, as subjective as it might be, some difficulties to move their left forelimb and therefore to use it for weight support. This phenomenon could be explained by the hemineglected contralateral limb to the cerebral lesion that was already observed following such trauma [21] . However, the pressure exerted on all fours was not disturbed after MCAO-r.
Despite the fact that the occlusion was fixed at 2 hours, the upper extremity paresis may not be severe enough [22] to be detected by the DWB system. Therefore, a permanent MCAO, inducing greater sensorimotor deficits, might lead to a postural instability that could be detected with the DWB test. It should be kept in mind that the DWB system holds the potential for further developments such as optimization of the captor sensibility.
TH hemisection. Contrary to MCAO-r, the T 10 hemisection induced a decrease of the left hindpaw pressure. Surprisingly, the weight was not compensated by an increase of the right hindpaw pressure, but rather by an increase of the forepaw pressure. Indeed, contrary to healthy rats that put a third of their weight onto their forepaws, spinal cord hemisected rats placed up to half of their weight. Moreover, our data seemed to indicate that the additional weight supported by the forepaws is equally divided onto the right and left sides. Contrary to the BBB test that only summarizes the notion of weight-bearing as a hindlimb plantar support and excludes the forelimb contribution, the DWB system allows quantified measure of weight-bearing pressure on each paw [15] .
We also showed that the time spent on 4 paws was increased after T 10 hemisection.
This result might be explained by a lack of stability onto 3 paws. Moreover, the rat might not have enough force to lift its forelimbs due to their greater participation in the body weight support.
What other behavioural tests could be used in complement to the DWB?
The DWB test specifically brings information about postural stability in static conditions without inducing fatigue. Therefore, additional behavioural tests could be performed in order to cover a broader scope of the complex rat sensorimotor behaviour [23] .
DWB is known not to provide information on gait and stride [17] . Yet, gait analysis, which brings plentiful of information about neurological diseases, could easily be coupled with the DWB test. The CatWalk is an automated gait system built upon optical technologies that could provide information about kinematic impairments after such traumas [8, 24] .
The DWB test could also be coupled with a balance assessment such as the beam balance task. Indeed, it is a widely used technique to assess deficits of the vestibulomotor function in different traumatic afflictions [25] . We can also proposed to associate the DWB test with the 'Inclined Plane' test that evaluates the ability of a rat to maintain its position on a tilted surface (slowly rotating the support until the animal loses grip) [26] .
Could the DWB inform us on other parameters that nociceptive information?
Initially, the analysis of the weight-bearing distribution was used as an index of pain based on the assumption that nociceptive inputs might alter paw weight distribution [16] .
Indeed, in a neuropathic pain model the decrease in paw pressure of the affected limb displayed a high degree of correlation with the well-known pain indicator, the von Frey test [27] . However, the postural control structures, located in the brainstem and cerebellum, receive different afferent inputs that are not restricted to nociceptive information [26] .
Therefore, plasticity resulting from stroke and spinal cord injuries could affect several types of afferent inputs (from muscles, joints, skin) disturbing supraspinal postural networks.
Moreover, the pattern of spinal postural reflexes could also be modified by stroke or spinal cord injuries [28] [29] [30] . It may contribute to cause specific changes of basic body configuration [26] .
Conclusion
Our study showed that the DWB test should be used to assess both the severity of CNS trauma and the effectiveness of pharmacological and/or rehabilitation strategies. We strongly recommend continuing the investigation of postural instability by the use of DWB test after different CNS traumas (different stroke models or contusion, compression at cervical or thoracolumbar levels spinal cord injuries). 
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